Purpose To assess the impact of weight loss on healthrelated quality-of-life (HRQL), to describe the factors associated with improvements in HRQL after weight loss, and to assess the relationship between obesity as assessed by body mass index (BMI) and HRQL before and after weight loss. Methods We studied 188 obese patients with BMI C 32 kg/m 2 with one or more comorbidities or C35 kg/m 2 . All patients had baseline and follow-up assessments of BMI and HRQL using the EuroQol (EQ-5D) and its visual analog scale (VAS) before and after 6 months of medical weight loss that employed very low-calorie diets, physical activity, and intensive behavioral counseling. Results At baseline, age was 50 ± 8 years (mean ± SD), BMI was 40. 0 ± 5.0 kg/m 2 , EQ-5D-derived health utility score was 0.85 ± 0.13, and VAS-reported quality-of-life was 0.67 ± 0.18. At 6-month follow-up, BMI decreased by 7.0 ± 3.2 kg/m 2 , EQ-5D increased by 0.06 [interquartile range (IQR) 0.06-0.17], and VAS increased by 0.14 (IQR 0.04-0.23). In multivariate analyses, improvement in EQ-5D and VAS were associated with lower baseline BMI, greater reduction in BMI at follow-up, fewer baseline comorbidities, and lower baseline HRQL. For any given BMI category, EQ-5D and VAS tended to be higher at follow-up than at baseline. Conclusion Measured improvements in HRQL between baseline and follow-up were greater than predicted by the reduction in BMI at follow-up. If investigators use crosssectional data to estimate changes in HRQL as a function of BMI, they will underestimate the improvement in HRQL associated with weight loss and underestimate the costutility of interventions for obesity treatment.
Introduction
Cost-effectiveness analysis describes the cost per unit health outcome obtained with an experimental intervention versus usual care [1] . It provides a measure of the value obtained for the money spent and may be used to guide resource allocation. In cost-utility analysis, health outcomes are measured by quality-adjusted life-years (QALYs), a metric that adjusts length of life for quality-of-life. Quality-of-life is assessed with health utility scores, measures that reflect the general population's preference for specific health states. Health utility scores fall on a continuum between 1.0 and 0, where 1.0 represents perfect health and 0 represents death. QALYs are calculated as the sum of the product of the number of years of life and the quality-of-life in each of those years. The goal of an experimental intervention is to maximize the number of QALYs gained for the money spent relative to usual care.
Although conceptually straightforward, measurement of health utility scores may be difficult and time-consuming [1] . To simplify the assessment of health utility scores, multi-attribute utility models have been developed [1] . The EQ-5D is a simple and widely used multi-attribute utility model that assesses 5 dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression according to 3 levels: no problems, some problems, and extreme problems [2] . Patient-reported responses are weighted according to the preferences of an independent sample of judges to place the health status of the individual on a continuum between perfect health and death. The accompanying visual analog scale (VAS) records the patient's self-reported health on a vertical scale where the endpoints are labeled ''best imaginable health state'' and ''worst imaginable health state.'' The point selected on the scale provides a quantitative measure of the health outcome as judged by the individual.
Although not without controversy, body mass index (BMI), calculated as weight in kilograms divided by the square of height in meters, is commonly used to define obesity [3, 4] . An individual with BMI 18.5-24.9 kg/m 2 is considered to be normal weight, 25.0-29.9 kg/m 2 to be overweight, C30 kg/m 2 to be obese, and C40 kg/m 2 to be extremely obese. Approximately 33 % of US adults are overweight, 36 % are obese, and 6 % are extremely obese [5] . Obesity increases the risk for many chronic conditions including type 2 diabetes and cardiovascular disease and negatively impacts quality-of-life. Although a large body of evidence has demonstrated the effectiveness of interventions for the treatment for obesity, there is less evidence to demonstrate the costutility of such interventions, and the published evidence has been inconsistent [6] . The degree of improvement in HRQL is a major determinant of the cost-utility of weight loss interventions, and part of the inconsistency in the results of published cost-utility analyses relates to uncertainty regarding the impact of weight loss on HRQL.
Many investigators have assessed the cross-sectional relationship between BMI and health utility scores [7] [8] [9] and have reported changes in health utility scores for each kg/m 2 unit difference in BMI [10] [11] [12] [13] or difference in weight category [14] [15] [16] [17] [18] . A few investigators have prospectively assessed improvements in health utility scores for each kilogram lost [19, 20] or percentage of weight lost over 1 year [21] . Most previous studies have assumed that HRQL is determined by BMI and that after weight loss, an obese individual's HRQL is the same as that for a person with the same BMI who did not lose weight [6] . To the extent that an obese individual underestimates the impact of his pre-intervention weight on HRQL, and to the extent that his HRQL after weight loss is better than predicted by his reduced BMI, cost-utility analyses will underestimate the value of obesity treatments.
In this study, we prospectively assessed the impact of a medical weight management program on HRQL, described the factors associated with improvements in HRQL after weight loss, and assessed the relationship between BMI and HRQL before and after weight loss.
Methods
We studied 188 obese patients with BMI C 32 kg/m 2 with one or more co-morbidities or C35 kg/m 2 . All patients participated in the University of Michigan Weight Management Program for at least 6 months. Patients who enrolled in the program were seen by a physician for an initial assessment, monthly for the first 3 months, and quarterly thereafter. They were seen weekly by a dietitian during the first month, twice monthly for the next 2 months, and monthly thereafter. The initial 12-16 weeks of the program employed a very low-calorie diet in the form of total meal replacement. Over the first 12-16 weeks of the program, patients were also asked to gradually increase their physical activity (low to moderate intensity) to 40 min per day. After 12-16 weeks, patients were transitioned to regular food stuffs and asked to perform 40-90 min of moderate to vigorous physical activity per day. All participants had baseline and follow-up assessments of BMI and HRQL using the EuroQoL (EQ-5D) and its VAS. The study protocol was reviewed and approved by the University of Michigan Institutional Review Board, and all participants provided written informed consent.
Three hundred and forty-eight patients initially met eligibility criteria and were enrolled in the weight management program between January 4, 2010 and May 30, 2012. Of those, 277 (80 %) were still enrolled in the program at their scheduled 6-month visit, and 188 of them (68 %) had BMI measured and EQ-5D and VAS data collected and were included in the study. Compared to persons enrolled in the program at the 6-month follow-up visit (n = 277), those who dropped out before 6 months (n = 71) were younger (47 ± 9 vs. 50 ± 8 years, p = 0.006), had less education (39 vs. 21 % \college graduate, p = 0.02), and were less likely to be employed (68 vs. 80 % employed, p = 0.02). Compared to those who were in the program at 6 months and who had complete data (n = 188), those who were missing at least one variable (n = 89) had higher BMI at baseline (41.5 ± 6.4 vs. 40.0 ± 5.0, p = 0.04). There were no differences between participants and non-participants with respect to sex, race/ethnicity, marital status, smoking, physical activity, baseline comorbidities, or number of comorbidities.
Initially, we described the percent distribution for categorical variables and the mean ± standard deviation for normally distributed or median ± interquartile range (IQR) for non-normally distributed continuous variables. We assessed five comorbidities at baseline: hypertension, dyslipidemia, diabetes, osteoarthritis, and depression, and constructed a variable for the mean number of comorbidities as an unweighted sum of the number of comorbidities. We described the changes in BMI, weight, and HRQL from baseline to 6-month follow-up. We then explored the univariate associations among the baseline sociodemographic and clinical characteristics, comorbidities, and changes in BMI and weight, with changes in HRQL.
Next, we constructed multivariate linear regression models to assess the impact of weight loss on HRQL after adjusting for the covariates significant in the univariate analyses. We constructed two separate models, one using change in EQ-5D as the outcome and the other using change in VAS as the outcome. Both models included baseline BMI, change in BMI from baseline to 6-month follow-up, number of comorbidities at baseline, and baseline HRQL (EQ-5D or VAS as appropriate). For modeling purposes, the change in HRQL was constructed as followup EQ-5D or VAS minus baseline EQ-5D or VAS so that positive results indicated improvements in HRQL. Change in BMI was constructed as baseline BMI minus follow-up BMI so that positive results indicated weight loss.
To assess the impact of weight loss on the association between HRQL and BMI, we assessed mean EQ-5D and VAS within BMI categories before and after weight loss and calculated the change in scores within categories. We also constructed scatter plots using solid circles for baseline data and open squares for follow-up data with HRQL on the y-axis and BMI on the x-axis. Because of a ceiling effect for EQ-5D-derived utility scores, we only present the scatter plot for the VAS data. We then overlaid the corresponding regression lines to visualize the association between VAS and BMI at baseline and follow-up. To test whether the two lines were different, we first tested to determine whether there was a time by BMI interaction. We then used a linear regression model to determine whether there was a significant difference in the association between VAS and BMI at baseline and follow-up.
Results
At baseline, mean age for the 188 participants was 50 ± 8 years (mean ± SD), 52 % of the participants were women, and 87 % were white (Table 1) . Mean baseline BMI was 40.0 ± 5.0 kg/m 2 . A 5 feet 10 inch tall man with a BMI of 40 kg/m 2 would weigh 278 pounds or 126 kg, and a 5 feet 4 inch tall woman with a BMI of 40 kg/m 2 would weigh 233 pounds or 106 kg. Comorbidities were common: 51 % of participants had hypertension, 45 % had dyslipidemia, 27 % had type 2 diabetes, 26 % had osteoarthritis, and 18 % had depression. The mean number of comorbidities was 1.7 ± 1.3. Baseline EQ-5D was 0.85 ± 0.13 and baseline VAS was 0.67 ± 0.18. At baseline, 62 (33 %) of participants had EQ-5D-derived health utility scores of 1.0, but none had VAS-reported quality-of-life of 1.0.
At 6-month follow-up, mean weight loss was 45 ± 22 lbs (range -111 to ?2 lbs) or 20.5 ± 10.1 kg (range -50.6 to ?0.7 kg) and mean BMI decreased by 7.0 ± 3.2 kg/m 2 (range -16.1 kg/m 2 to ?0.2 kg/m 2 ). Mean increase in EQ-5D was 0.06 (IQR 0.00-0.17), and mean increase in VAS was 0.14 (IQR 0.4-0.23). At follow-up, 102 (54 %) of participants had EQ-5D-derived health utility scores of 1.0 and 5 (3 %) had VAS-reported quality-of-life of 1.0. Mean increase in EQ-5D was 0.004 per kilogram lost and 0.01 per unit decrease in BMI. Mean increase in VAS was 0.01 per kilogram lost and 0.03 per unit decrease in BMI. In univariate analysis, only baseline BMI was associated with change in EQ-5D or VAS. In multivariate analyses, factors associated with increase in EQ-5D and VAS at follow-up included lower baseline BMI, greater reduction in BMI at follow-up, fewer baseline comorbidities, and lower baseline HRQL ( Table 2 ). The models explained 48 % of the variance in improvement in EQ-5D and to 60 % of the variance in improvement in VAS.
To determine whether the association between BMI and HRQL differed before and after weight loss, we assessed mean EQ-5D and VAS scores within BMI categories before and after weight loss and calculated the change in scores within categories. For any given BMI category, EQ-5D and VAS tended to be higher at follow-up than at baseline (Table 3) . For example, before weight loss, a BMI of 35.0-35.9 kg/m 2 was associated with EQ-5D of 0.86 and VAS of 0.68. After weight loss, it was associated with EQ-5D of 0.89, VAS of 0.79, and differences of 0.03 and 0.11, respectively. We also constructed a scatter plot showing VAS before and after weight loss as a function of BMI. For any given BMI, VAS was significantly higher at follow-up than at baseline (Fig. 1) .
Discussion
A medical weight management program that involved very low-calorie diet, physical activity, and intensive behavioral counseling resulted in substantial weight loss and improved HRQL. Mean weight loss at 6 months was 45 ± 22 pounds or 20.5 ± 10.1 kg, mean improvement in EQ-5D was 0.06, and mean improvement in VAS was 0.14. Obese participants with lower baseline BMI, greater reduction in BMI from baseline to follow-up, fewer baseline comorbidities, and poorer baseline HRQL had greater improvements in HRQL at follow-up.
The relatively modest improvement in EQ-5D-derived health utility scores compared to the improvement in VASreported quality-of-life, and the observation that participants with poorer baseline HRQL had greater improvements in HRQL at follow-up was both likely due to a ceiling effect for the EQ-5D. At baseline and follow-up, one-third and over one-half of participants had EQ-5D of Table 2 Factors associated with change in health-related quality-oflife as assessed by the EQ-5D or VAS between baseline and 6-month follow-up 1.0. In contrast, at baseline, no participants had VAS of 1.0, and at follow-up, only 3 % had VAS of 1.0. Although simple, brief, and widely used, the EQ-5D measures only three levels of functioning in five dimensions and has been criticized for being insensitive and for having a pronounced ceiling effect [2] . The newly developed 5-level version of the EQ-5D (EQ-5D-5L) assesses the same dimensions as the EQ-5D, but each dimension has 5 levels: no problems, slight problems, moderate problems, severe problems, and extreme problems [2] . Compared to the EQ-5D, the EQ-5D-5L has better measurement properties and discriminatory power and a less pronounced ceiling effect [22] . Future studies should consider incorporating the EQ-5D-5L or a different multi-attribute utility model that assesses additional dimensions and symptoms, provides greater sensitivity, and has a less pronounced ceiling effect. Measured improvements in VAS between baseline and follow-up were greater than predicted by the reduction in BMI at follow-up. Our results confirm the results of previous studies that have suggested that the improvement in HRQL for each kilogram lost [19, 20] or percentage of body weight lost [21] is greater than would be predicted by assessing the cross-sectional relationship between BMI and HRQL and assuming that an obese individuals healthrelated quality-of-life after weight loss is the same as that for a person with the same BMI who did not lose weight [10] [11] [12] [13] .
At baseline, patients appeared to underestimate the negative impact of obesity on HRQL and after weight loss, reported significantly better HRQL for any given BMI category. Failure to use a sensitive instrument and failure to empirically assess HRQL both before and after weight loss will underestimate the improvement in HRQL associated with weight loss and underestimate the costutility of interventions for obesity treatment.
There are a number of limitations to our study. First, our study was conducted in a clinical setting. Our results may not apply to the general population. Second, there was 20 % dropout from our program at 6 months, and a number of participants failed to have BMI measured or to complete the EQ-5D and VAS at 6 months. Fortunately, there were not substantial differences between participants and nonparticipants. Third, we studied a relatively small population. The limited sample size reduced our power to detect potentially important associations. Fourth, we only evaluated the impact of a medical weight management program on HRQL. We cannot determine how the individual components of the intervention (diet, physical activity, and behavioral counseling) impacted HRQL or whether changes in HRQL would be the same with pharmacologic or surgical interventions. Fifth, we assessed the impact of short-term weight loss on HRQL. The impact of weight loss on long-term HRQL might be even greater than we reported. Finally, we only assessed the impact of weight loss on HRQL. Weight gain would likely have a different impact on health utility scores than weight loss.
In conclusion, the degree of improvement in HRQL with medical weight loss is substantial and is associated with baseline BMI, the reduction in BMI, baseline comorbidities, and baseline HRQL. If investigators employ multiattribute utility models that are more sensitive than the EQ-5D and have a less pronounced ceiling effect, measured improvements in HRQL associated with weight loss may be even larger than we observed. If investigators fail to empirically measure HRQL before and after weight loss, and instead use cross-sectional data to estimate changes in utility scores as a function of BMI alone, they will underestimate the impact of weight loss on HRQL and the cost-utility of interventions for obesity treatment.
